We studied the yeast communities associated with fruits, mushrooms, tree exudates, and flies of the genus Drosophila, in two Atlantic Rain Forest fragments in state of Minas Gerais, Brazil. A total of 456 samples were collected from Rio Doce State Park and 142 from Ecological Station of Universidade Federal de Minas Gerais. From these samples, 608 yeast isolates were obtained, belonging to 71 different species. Among the yeasts isolated from Rio Doce State Park, 17 isolates were recovered from fruits, 12 from mushrooms, 13 from tree exudates, and 299 from Drosophila spp. In the Ecological Station of Universidade Federal de Minas Gerais, 24 isolates were recovered from fruits and 243 from Drosophila spp. Distinct communities of yeast were observed in Drosophila flies, fruits, mushrooms and tree exudates. The highest number of yeast species was recovered from Drosophila flies suggesting that flies are the natural vectors of these microorganisms.
INTRODUCTION
The distribution and specificity of yeast communities are related to the composition of nutrients present in the substrate, presence of inhibitory compounds, and the vectors that utilize these substrates for breeding and feeding (3, 16) together with physical conditions such as pH and temperature. Yeasts are associated with sugary substrates in nature, and they colonize flowers, fruits, tree exudates, leaves, mushrooms, animals, soil, etc. (3) . The majority of yeast species has specialized habitats, and it is possible to isolate these microorganisms of different natural substrates in the geographical areas where they occur (9, 16) .
Yeasts are immotile organisms, which need to be carried by vectors, mainly insects. Extensive studies have isolated yeasts associated with insects, mainly Drosophila spp. (3, 4, 9) . These flies are recognized as important vectors of yeasts, which are a major food source for adult and larval stages of the flies (2, 3, 9) . Some ecological works were done on yeast communities associated with Drosophila spp. in Atlantic Rain Forests of São Paulo and Rio de Janeiro (10) (11) (12) , and associated with fruits (1, 18) . The Atlantic rain forest ecosystem represents one of the areas of the planet with the greatest biodiversity and is considered the second most threatened tropical forest among 15 regions recognized as hot spots (13) . Studies of yeast diversity may reveal the effect of disturbance in the ecosystem at the species level and could result in new taxa and strains with potential biotechnological applications. Data comparisons on yeast communities from different Atlantic rain forest sites are important to understand the patterns of distribution of microbial communities in this ecosystem. In this work, we have studied the yeast communities associated with Drosophila spp., decaying fruits, mushrooms and tree exudates in two Atlantic rain forest fragments of the state of Minas Gerais, Brazil. Approximately 0.1 g of samples of fruits, tree exudates and mushrooms were collected aseptically, added to tubes with 1 ml of sterile distilled water, and cultured a few hours after sampling. One loopfull was streaked on yeast extractmalt extract agar (YMA, 1% glucose, 0.5% peptone, 0.3% malt extract, 0.3% yeast extract, 2% agar) supplemented with 100 mg/l of chloramphenicol. Adult flies of Drosophila spp. were captured from fruit or mushroom surfaces using sterile plastic bags, or with traps containing fermented banana as described by Tidon and Sene (21) modified by Morais et al. (11) for aseptic collection of yeasts. Vectored yeasts were isolated from 264 adult flies by allowing each individual fly to walk for 30 min on a plate containing YMA. Two hundred and seven flies were collected from Rio Doce State Park and 57 from site Ecological Station of UFMG. Yeasts grown on these plates should also include as minor components yeasts regurgitated by the flies and viable yeasts in fecal pellets. Another 180 flies were surface sterilized in the field by immersion in 70% ethanol for 1 min and transported to the laboratory within 2 hours on ice in tubes containing sterile distilled water. One-hundred and eighteen flies were obtained from Rio Doce State Park and 62 from Ecological Station of UFMG. These flies had their crops aseptically dissected from them, and they were streaked individually on YMA plates. Plates were incubated at room temperature (25 +3ºC) for 5 to 7 d. Individual yeast colonies of each morphotype were selected, brought into pure culture, and characterized by standard methods (23) . Identities were verified using the keys of Kurtzman and Fell (5) and recent publications on description of new yeast species.
MATERIALS AND METHODS

Samples
Identification of some prevalent yeast species with uncertain identity were confirmed by sequencing the D1/D2 variable domains of the large subunit rDNA. D1/D2 divergent domains were amplified by PCR as described by Lachance et al. (6) using the primers NL-1 (5´-GCATATCAATAAGCGGAGGAAAAG-3') and NL-4 (5´-GGTCCGTGTTTCAAGACGG-3'). The D1/D2 variable domains of the large subunit rDNA were amplified by polymerase chain reaction (PCR) from whole cells as described previously (6, 7) . The amplified DNA was concentrated and cleaned on QIAquick PCR columns (Qiagen, Chatsworth, CA, USA), and sequenced in an ABI sequencer at the John P. Robarts Research Institute, London, ON, Canada. The sequences were edited with the program DNAMAN, version 4.0 (Lynnon BioSoft, Vandreuil, QB, Canada). Existing sequences for type and other strains of the yeast species were retrieved from GenBank.
Yeast similarity measurement
Similarity of yeast communities between forest fragments was calculated using the Sörensen index, based on presence/ absence of each yeast species in each forest fragment.
RESULTS AND DISCUSSION
Yeast diversity
Six hundred and eighteen samples were collected for yeast isolation (476 samples from Rio Doce State Park and 142 from Ecological Station of UFMG). A total of 608 yeast isolates were obtained corresponding to 71 different yeast species (Table 1) . Fifth-five yeast species were isolated from Rio Doce State Park samples, being 33 species restricted to this forest fragment. In Ecological Station of UFMG, 38 yeast species were isolated, with 16 species restricted to substrates of this region. Twenty-two yeast species were common to the two forest fragments. The species richness was higher in Rio Doce State Park than Ecological Station of UFMG, and this result was expected because the first area represents an undisturbed forest fragment with a greater availability of resources for yeasts that included mushrooms and tree exudates besides the fruits also encountered in Ecological Station of UFMG. This site is an urban forest with a high degree of deforestation (8) frequently isolated from Drosophila surfaces in each forest fragment were also isolated from the crops of flies. These yeast species inhabit fruits and flowers in forest environment (16) , and could indicate the feeding substrates utilized by the flies in these forest fragments (10, 11) . The yeast communities associated with decaying fruits of both forest fragments were composed by yeast species frequently isolated from fruits (16, 22) . Candida railenensis and C. natalensis were isolated from fruits in Rio Doce State Park forest fragment, but they were not isolated from fruits in Ecological Station of UFMG forest. Species of Kloeckera, Pichia and Candida were isolated from fruits of both forests. These data indicate that the yeast populations isolated from fruits in both forest fragments did not present great differences when compared with yeast communities present in fruits from other regions (9, 11) .
Yeasts from mushrooms are extremely distinct from other yeast communities. Ramirez-Gomez (19) has isolated Sporobolomyces albidus, Candida curvata, Saccharomyces cerevisiae, Torulopsis inconspicua and C. anomala from mushrooms. Phaff & Knapp (15) have found C. humicola as prevalent yeast species in basidiocarps of Clavaria, Pleurotus and Podoscypha. These species were not found associated with the mushrooms studied in our work. Cr. humicolous was the yeast species more frequent associated with the mushrooms. Other yeast species were isolated in low frequency of occurrence. Although 78 mushroom samples were screened for yeast isolation, only a few yeast species were isolated. This result suggest that mushrooms are not a good substrate for yeast growth, or the methodology utilized for yeast isolation of yeasts from mushroom samples was not appropriate. Suh et al. (20) has shown a hyperdiverse yeast guild associated with the guts of beetles collected from basidiocarps in tropical and subtropical habitats and it is possible that this sampling strategy yields more isolates that direct sampling from substrates. Further studies comparing different methods and culture media are necessary to study yeasts associated with mushrooms in Atlantic Rain forest sites. Yeast communities associated with tree exudates were composed mainly by Cr. humicolous, P. membranifacies and P. membranifaciens-like. Most of the yeasts isolated from this substrate were also found in the other substrates studied. We have studied a high number of samples of tree exudates, and obtained nine species in low frequency of occurrence. Contamination of the isolation plates with molds inhibited yeast growth in several samples. Probably, enrichment methodologies or substances to inhibit mold growth could be useful to study yeast populations associated with this substrate.
A new species of Geotrichum, G. silvicola, was isolated from Drosophila surfaces and crops in both forest fragments (17) . An undescribed Metschnikowia species was isolated from Drosophila surface at Rio Doce State Park. Yeast species related to infections in animals such as C. krusei, C. parapsilosis e C. castellii were also isolated from both forest fragments. Saccharomyces cerevisiae isolates were obtained from Drosophila and tree exudates samples at Rio Doce State Park forest fragment. This species has industrial importance, and wild isolates are difficult to obtain from forest environment. Morais et al. (10) have isolated three isolates of S. cerevisiae from forests in Rio de Janeiro. However, two of these isolates were described as a new yeast species, named S. cariocanus (14) . Molecular studies are necessary to confirm if our strains are S. cerevisiae or S. cariocanus, or a new Saccharomyces species. 
RESUMO
